Introduction {#Sec1}
============

Anaemia has remained one of the most characteristic and visible manifestations of chronic renal failure for over 150 years. Typically, it is a normocytic and normochromic anaemia with bone marrow of normal cellularity. Anaemia has been defined as a reduction in one or more of the major red blood cell measurements: haemoglobin concentration (Hb), haematocrit or erythrocyte count. The pathogenesis of anaemia of chronic kidney disease is multifactorial \[[@CR1]\]. Although inadequate production of erythropoietin is the most important factor in the pathogenesis of anaemia in chronic kidney disease, other factors play a role and contribute to mild anaemia that is often present despite the use of recombinant human erythropoietin or other erythropoiesis stimulating agents (ESA). Renal anaemia has a number of potentially deleterious effects, including impairment of tissue oxygen delivery, increased cardiac output and left ventricular hypertrophy predisposing to congestive heart failure cognitive decline, sexual dysfunction and depression of immune responsiveness \[[@CR2]\]. Moreover, cardiovascular disease is a leading cause of death in both chronic kidney disease (CKD) and dialysed patients \[[@CR3], [@CR4]\]. Silverberg et al. \[[@CR5]\] proposed the term 'cardio-renal anaemia syndrome' to stress the importance of mutual relations in the populations suffering from CKD and/or CHF. Administration of ESA to increase Hb concentrations from lower values to \>10--11 g/dL significantly reduces the cardiovascular complications of renal anaemia and reduces the frequency of chronic heart failure and hospitalization among predialysis and dialysis-dependent patients \[[@CR6], [@CR7]\]. Recent randomized trials (CHOIR, CREATE and TREAT) \[[@CR8]--[@CR10]\] clearly showed that targeting higher Hb levels in CKD has been linked with increased morbidity and mortality particularly from cardiovascular causes. There might have been several mechanisms of such unexpected harm, besides increased viscosity through an increase in haematocrit. Also a recently published study in Veteran Administration predialysis patients showed lowered risk of hospitalization (by 17 %) and of transfusion by 29 % when ESA were initiated early (Hb 10--11 g/dL) versus late (Hb level 9--9.9 g/dL) \[[@CR11]\].

We designed a multicenter, open-label, observational study to assess the impact of early versus late referral on the effectiveness of renal anaemia treatment with ESA in 3 groups of haemodialysis patients (treated less than 3 months of ESA before HD, treated more than 3 months of ESA before HD and not treated with ESA before HD) with special interest on the medical history (early/late referral, cardiovascular events) and safety in a large Central and Eastern European countries (CEE). We presented the baseline data of this study previously \[[@CR12]\]. In the 12-month follow-up, we looked at the current renal anaemia management, iron parameters and haemoglobin in haemodialysed patients in relation to the early or late referral in CEE countries in everyday clinical practice. Additionally, we assessed the number of cardiovascular (CV) events, deaths and hospitalization for CV or other events.

Patients and methods {#Sec2}
====================

Patients suitable for the study should fulfil the following inclusion criteria: stable haemodialysed patients with renal anaemia who are no longer than 12 months on haemodialysis and who are on ESA therapy; patients who had no fluctuation of Hb more than 2 g/dL/month within the last 3 months of ESA treatment; aged ≥18 years; who gave signed the written informed consent. Fifty public centres in 3 countries participated in the study, predominantly non-academic. A total of 398 haemodialysed patients (M-231, F-167) aged 19--90 years (57.5 ± 14.7) on standard ESA therapy for chronic renal anaemia were recruited. The primary kidney diseases were the following: diabetic nephropathy (*n* = 75; 18.84 %), glomerulonephritis (*n* = 64; 16.08 %), hypertensive nephropathy (*n* = 61; 15.33 %), interstitial nephritis (*n* = 79; 19.85 %), ADPKD (*n* = 38; 9.55 %) and other (*n* = 33; 8.29 %) or unknown (*n* = 48; 12.06 %). Concomitant diseases were as follows: diabetes (*n* = 102; 25.63 %), hypertension (*n* = 354; 88.94 %), coronary heart disease (*n* = 113; 28.39 %), chronic heart failure (*n* = 115; 28.89 %), left ventricular hypertrophy (*n* = 192; 48.24 %), peripheral occlusive disease (*n* = 50; 12.56 %), dyslipidaemia (*n* = 171; 42.96 %), secondary hyperparathyroidism (*n* = 142; 35.68 %), while recorded prestudy cardiovascular event included myocardial infarction (*n* = 41; 10.30 %), coronary artery bypass grafting (*n* = 7; 1.76 %), percutaneous coronary interventions (*n* = 14; 3.52 %), stroke (*n* = 19;4.77 %) and transient ischemic attack (*n* = 19; 4.77 %).

The following prospective parameters had been collected during the study and were analysed: Hb concentration, haematocrit, iron concentration, ferritin, blood pressure, ESA therapy (dose and frequency), medications (including iron supplementation), all major CV events (myocardial infarction-MI, percutaneous coronary interventions-PCI, coronary artery bypass grafting, stroke, transient ischemic attacks-TIA), adverse events, deaths. The data were collected using electronic data capture system. Data were verified for logical and medical consistency according to the instructions provided in CTAP. In case of inconsistencies, the data query was generated and was sent for investigator's review. A part of problems was resolved; however, some queries were not addressed by investigators. Unresolved issues are related to missing data allowing to allocate patient to specific study group (15 patients), discrepancies between laboratory results and acceptable range of results, and AE description. All available and logically acceptable data were analysed.

Patients were divided into three groups:Group APatients not treated with ESA before the start of dialysisGroup BPatients who had started ESA therapy within three months from the start of dialysisGroup CPatients who had started the ESA therapy more than three months before the start of dialysis Comparisons were performed for all patients allocated to one of the groups. Patients without allocation were excluded from analysis.

Statistical analysis {#Sec3}
--------------------

The data recorded in the database were provided for analysis in EXCEL format. The data were analysed in SAS statistical software. χ^2^ test was used for analysis of qualitative data and Kruskall--Wallis test for quantitative data. *P* value ≤0.05 was defined as statistically significant.

Results {#Sec4}
=======

Baseline patient's characteristics {#Sec5}
----------------------------------

The study was performed on 398 patients from 50 centres in Latvia, Poland and Serbia. There were 231 (58 %) males and 167 (42 %) females aged 19--90 years (57.5 ± 14.7). A total of 269 patients completed 12 months of therapy. The reasons for study discontinuation were provided previously \[[@CR12]\]. Based on the start dates of ESA and dialysis therapy, patients were allocated to groups A, B and C:Group A---180 subjects (106 males, 74 females) aged 19--86 years (56.2 ± 14.4 years).Group B---164 subjects (94 males, 70 females) aged 19--90 years (57.6 ± 14.9 years).Group C---39 subjects (21 males, 18 females) aged 20--86 years (61.8 ± 16 years).

No statistically significant differences among groups A, B and C according to age and sex distributions were found. Fifteen patients could not be classified into any of the groups and were excluded from comparative analysis. Groups A, B and C did not differ according to baseline: arterial blood pressure, body weight or height and BMI.

Prospective laboratory results during study visits {#Sec6}
--------------------------------------------------

Haematology assessment was done at each study visit. It consisted of evaluation of the following parameters: haemoglobin, haematocrit, serum iron and ferritin concentration.

### Haemoglobin concentration {#Sec7}

Except from baseline evaluation, the mean haemoglobin concentration did not differ significantly among the groups A, B and C (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Haemoglobin concentration (g/dL). Maximal and minimal values in all patients tested and mean values in *groups A, B* and *C* at subsequent visits

### Haematocrit {#Sec8}

Mean haematocrit in group B patients from baseline to visit 3 was statistically higher than in the remaining two groups. Mean haematocrit in all three groups was not statistically different starting from visit 4 onwards (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Maximal, minimal and mean haematocrit in all patients tested in *groups A, B* and *C* at subsequent visits

### Serum iron concentration {#Sec9}

Mean serum iron concentration in all three groups was stable during all visits. No statistically significant differences in serum iron were observed at any time of the study (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Serum iron concentration (μmol/l). Maximal and minimal values in all patients tested and mean values in *groups A, B* and *C* at subsequent visits

### Ferritin concentration {#Sec10}

In all three groups, ferritin concentration tended to increase during the study. Except for visits 2 and 6, there were no statistically important differences in ferritin concentration among groups A, B and C (Fig. [4](#Fig4){ref-type="fig"}).Fig. 4Ferritin (mg/dL). Maximal and minimal values in all patients tested and mean values in *groups A, B* and *C* at subsequent visits

Prospective concomitant treatment for anaemia {#Sec11}
---------------------------------------------

Concomitant treatment for anaemia consisted of iron, folic acid and blood transfusions. Majority of patients received iron therapy (86, 7.5 % of them were given oral iron, the remaining intravenous iron) and folic acid therapy (68 %). Blood transfusions were performed in 31 % of subjects (Fig. [5](#Fig5){ref-type="fig"}, [6](#Fig6){ref-type="fig"}).Fig. 5Concomitant treatment for anaemia in all study patients. There were no statistically significant differences in the rate of patients on iron or folic acid therapy nor in those who received blood transfusion among *groups* *A, B* and *C* (Fig. [6](#Fig6){ref-type="fig"})Fig. 6The rate of patients on iron therapy, folic acid therapy or patients who received at least one blood transfusion during the study in *groups A, B* and *C*

The mean number of blood transfusion per patient in group A was statistically significantly higher than that of the remaining two groups (2.7 ± 2.45 vs. 1.75 ± 1.28 and 1.4 ± 0.7). The mean of the total volume of blood transfused to one patient in group A was significantly higher than that of groups B and C (respectively, 1,329 ± 1,201 vs. 940 ± 803 and 590 ± 248 mL, *p* = 0.01). There was no statistically significant difference in the number of patients treated with iron, folic acid or given blood transfusion between groups (*p* = 0.95, *p* = 026, and *p* = 0.56, respectively).

When we look at the haematological status of the patients, we found that 17 % of the patients had Hb \<10 g/dL during the study period (ranging from 14 to 24 %), whereas 7 % had Hb \>13 g/dL (ranging from 0 to 11 %). To correct the calculated EPO resistance for differences in Hb levels, EPO resistance index (ERI) was determined as the ratio EPO/Hb \[defined as weekly EPO dose (U/kg b.w.) divided by Hb level (g/dL)\]. We found that ERI was 9.35 ± 7.37.

We also looked at the CRP (assessed by laboratories using low-sensitivity method) and found that median CRP was 4.7 (0--622 mg/L) and there were no statistically significant changes between visits. Of the patients, 26 % had CPR \>10 mg/L, whereas 40 % of the patients had CRP \>6 mg/L .

Prospective concomitant treatment for hypertension and CHD {#Sec12}
----------------------------------------------------------

Statins were administered to 34 % of patients, and ACE inhibitors or AT1 blockers were administered to 34 % of patents as well. Most patients (82 %) received other antihypertensive medication (Table [1](#Tab1){ref-type="table"}). The rate of patients on ACE or AT1 blockers in group B was statistically higher than that in groups A and C.Table 1Summary of hypertension and CHF treatmentTotal (*N* = 398)Group A (*N* = 180)Group B (*N* = 164)Group C (*N* = 39)*pN*%*N*%*N*%*N*%No. of patients receiving statins13734.46033.36036.51743.6NSNo. of patients receiving ACE inhibitors/AT1 blockers13533.95228.96942.11435.90.038No. of patients receiving other antihypertensive medication32782.114781.714387.23692.3NS

Prospective other concomitant medication {#Sec13}
----------------------------------------

Totally 827 concomitant medications were reported in the database. The most frequently administered concomitant medication was vitamin B12 (24.6 %), acetylsalicylic acid (18.6 %) and Calcium carbonicum (18.1 %).

Prospective blood pressure {#Sec14}
--------------------------

The mean systolic and diastolic blood pressure in the whole group of patients did not change during the study period (Fig. [7](#Fig7){ref-type="fig"}). Neither the systolic blood pressure nor the diastolic blood pressure differs among groups A, B and C at any visit.Fig. 7Predialysis blood pressure (min diastolic, mean diastolic, mean systolic and max systolic) during the subsequent study visits in all patients participating in the study

The mean dialysis time was 705 ± 94 min. Group A patients were on dialysis statistically significantly longer than patients from groups B and C (respectively, 721 ± 92 vs. 691 ± 92 and 704 ± 102 months, *p* = 0.02). No changes in dialysis adequacy (KT/V) were observed during the study period. The groups A, B and C did not differ according to dialysis adequacy at any study visit.

Prospective adverse events excluding common dialysis-related AE {#Sec15}
---------------------------------------------------------------

The protocol predefined the adverse events of special interest. Within 12 months of the study, 8 episodes of myocardial infarction in 7 patients were recorded. One patient had coronary artery bypass, and 3 patients had 3 episodes of percutaneous coronary intervention. Stroke occurred in 6 patients including one patient with two episodes. The frequency of these adverse events did not differ among groups A, B and C (Table [2](#Tab2){ref-type="table"}). Other AE were reported in 174 (43.7 %) patients. A total of 486 AE were reported. Mean number of adverse events per patient was 1.22. The most frequent adverse events were pneumonia (16 episodes), urinary tract infection (16 episodes), fever (12 episodes) and bronchitis (10 episodes). No differences in the number of patients with AE and the mean number of AE episodes among groups A, B and C were noted (Table [2](#Tab2){ref-type="table"}). A total of 187 serious adverse events were reported in 99 patients (Table [3](#Tab3){ref-type="table"}). Mean number of the serious adverse events episodes in all patients was 0.47. There were no differences in the number of patients with the episode or mean number of episodes among groups A, B and C (Table [4](#Tab4){ref-type="table"}). Investigator assessed that in 33 patients the event was study drug related. Neither differences in the number of patients with this kind of episode nor the mean number of episodes were observed among groups A, B and C (Table [2](#Tab2){ref-type="table"}). Twenty-three patients died and 35 patients received kidney transplantation. The death rate and transplantation rate in all groups did not differ (Table [3](#Tab3){ref-type="table"}).Table 2Number of adverse eventsTotal (*N* = 398)Group*p*\*A (*N* = 180)B (*N* = 164)C (*N* = 39)Patients with episodeNumber of episodesMean number of episodesPatients with episodeNumber of episodesMean number of episodesPatients with episodeNumber of episodesMean number of episodesPatients with episodeNumber of episodesMean number of episodesMyocardial infarction (MI)780.02450.028330.018000NSCoronary artery bypass graft---without MI110.002110.006000.000.00NSPercutaneous coronary intervention---without MI330.007110.006220.012000NSStroke670.017330.017110.006230.08NSTransient ischemic shock000000000000Other (all AE except dialysis-related events)1744861.22912561.42651791.0918511.31NS\* χ^2^ for number of patients with the episodeTable 3Number of serious and drug-related adverse eventsTotal (*N* = 398)Group*p*\*A (*N* = 180)B (*N* = 164)C (*N* = 39)Patients with episodeNumber of episodesMean number of episodesPatients with episodeNumber of episodesMean number of episodesPatients with episodeNumber of episodesMean number of episodesPatients with episodeNumber of episodesMean number of episodesSerious adverse events991870.47541070.5934560.3411240.62NSDrug-related adverse events28330.0816160.08911140.09130.08NSDeath23230.0613130.07880.05220.05NSTransplant35350.0920200.1111110.07440.10NS\* χ^2^ for number of patients with the episodeTable 4The frequency of the AE recorded as other (the AE with the overall occurrence rate \>2.5 % are included)Major adverse eventsTotal (*N* = 398)Group*p*\*A (*N* = 180)B (*N* = 164)C (*N* = 39)Patients with episodeNumber of episodesMean number of episodesPatients with episodeNumber of episodesMean number of episodesPatients with episodeNumber of episodesMean number of episodesPatients with episodeNumber of episodesMean number of episodesPneumonia15160.0410110.06330.02220.05NSUrinary tract infection11160.04560.036100.06000.00NSFever8120.03590.05330.02000.00NSAcute bronchitis7100.03240.02560.04000.00NS\* χ^2^ for number of patients with the episode

Discussion {#Sec16}
==========

For the first time, we demonstrated that in EEC majority of patients with chronic kidney disease receive ESA therapy shortly before or after the start of dialysis treatment. In addition, we have found that despite iron supplementation (86 % of the studied population), serum iron remained stable as well as the total weekly dose of NeoRecormon (median dose for group A was 6,000 IU per week at baseline and 4,000 IU after 12 months, for group B 5,000 IU and 4,250 IU, for group C 6,000 IU and 6,000 IU per week, respectively). Except for visits 4 and 5, there were no differences in mean weekly dose of NeoRecormon between study groups. However, ferritin concentration increased from 280 ± 241 at baseline to 506 ± 405 at month 12 and no important differences in the groups were observed, while the other haematological parameters (haematocrit, haemoglobin) remained stable during the entire study. The frequency of blood transfusion and total volume of blood in group C were lower than in groups A and B and probably contributed to the rise in serum ferritin together with intravenous iron supplementation. There was no evidence of excessive iron load, as we are fully aware of the fact that iron overdose might also contribute to adverse outcomes in randomized trials of anaemia correction in CKD as stressed by van Buren et al. \[[@CR13]\]. During prospective 12-month follow-up, 23 (5.8 %) of the patients died and 35 (8.8 %) were transplanted. No differences in death or transplantation rate were observed among groups A, B and C. The number of patients with adverse events, serious adverse events or drug-related adverse events in all groups was similar. As shown previously, at the start of dialysis, mean haemoglobin value is lower than at the diagnosis of the disease (respectively, 9.26 ± 1.7 vs 10.3 ± 2.3 g/dL) \[[@CR12]\]. At the beginning of ESA therapy, mean haemoglobin value is 9.24 ± 1.4 g/dL close to the value in the TREAT study in diabetic CKD population \[[@CR10]\]. During all subsequent study visits, mean haemoglobin value in the whole study group was stable and varied from 11.04 to 11.26 g/dL, again perfectly fitted in the new postulated target. Group A patients entered the study with lower haemoglobin concentration than the remaining groups; however, the differences shortly disappeared. During the first 3 months of the study, B patients had higher haematocrit than the remaining groups. Our study was designed before the results of the TREAT trial were available. Presented data reflect reimbursement policy in EEC. No differences in adverse events profile including serious adverse events, drug-related adverse events or cardiovascular events were observed among groups A, B and C. The death rate and kidney transplantation rate in all groups were similar. Therefore, our data support the concept that the adequate erythropoietin treatment does not enhance the risk of cardiovascular complications in HD population. Since our study was performed only in the EEC, therefore, it is very difficult to discuss our findings with other trials involving Europe (both Western and Eastern), USA or being global as TREAT. In the ORAMA trial prevalent, HD or CKD patients were randomized to either standard clinical care or computerized clinical decision support, and comparison between current management of renal anaemia in both CKD and dialysis patients in Eastern and Western European countries was performed \[[@CR14]\]. In the GAIN study \[[@CR15]\] involving only HD subjects treated with any ESA for at least 12 weeks, and for 18 months with epoetin beta, there were regional differences between Balkan, Baltics, and Eastern, Southern and Western Europe. However, these data were not analysed.

Reasonable dose of ESA to keep Hb target of 10 or 10.5 g/dL or a range of 10--12 g/dL has recently been postulated \[[@CR16]\] although more radical position has been taken by Ajay K Singh, the principal investigator of the CHOIR study \[[@CR9]\]. He suggests that avoiding use of ESAs in managing anaemia in non-dialysis patients with CKD is now the soundest approach \[[@CR17]\]. An individualized approach to every patient and a proper control of increase in Hb, protecting from overshooting (not exceeding Hb 12 g/dL) may be a reasonable approach in most of patients with CKD. However, in our study, we found that 7 % (range from 0 to 11 %) occasionally had Hb \>13 g/dL, which required caution. At the last two visits, none of the patient had Hb over 13 g/dL, whereas 17 % of the patients had Hb below 10 g/dL. In the prospective observational study RISCAVID study ('RISchio CArdiovascolare nei pazienti afferenti all'Area Vasta In Dialisi'), performed on the 753 prevalent HD patients in the north-western area of Tuscany, Italy, the impact of haemoglobin levels, as continuous or categorical variable, on fatal and non-fatal CV events was not statistically significant \[[@CR18]\]. However, in non-adjusted analysis, haemoglobin levels \<11 g/dL were associated with the highest risk for all-cause mortality and fatal/non-fatal CV events, while patients with haemoglobin levels \>11 g/dL had the lowest all-cause mortality risk which was comparable to the reference group (no ESAs). In the RISCAVID study focused on the ESA resistance and its relation to CV events, they found that ESA responsiveness can be considered a strong prognostic factor in HD patients and seems to be tightly related to protein-energy wasting and inflammation. In our study, we looked for the possible relations between early versus late ESA treatment and CV events. Our data suggest that predialysis ESA treatment have virtually no effect on the anaemia practice pattern in prevalent HD population in EEC. The early versus late ESA therapy in CKD does not influence the rate of CV events and mortality in prevalent HD population in EEC. The strength of our study is the fact that this is the largest and the most recent study performed in EEC, with similar reimbursement policy in these 3 countries. Furthermore, we performed a study on relatively homogeneous for race, geography, medical care and HD management population. Before TREAT results became available, we started to treat anaemia relatively late with low doses of ESA providing iron supplementation in vast majority of patients. Last January in USA the bundling system, which is similar to our reimbursement policy, was introduced. As reported at the Annual Dialysis Congress in San Antonio in February 2012, the use of ESA dropped significantly together with a rise in iron. In addition, percentage of Hb levels over 13 g/dL declined significantly, while Hb below 10 g/dL remained stable (personal communication). Our results indicate that relatively low use of ESA together with iron supplementation may yield expected results, that is, achieved Hb levels with the lowest possible adverse events, particularly cardiovascular. However, we are not aware of the pharmacoeconomic analysis till date. Moreover, our ERI was much lower than that reported for the US population by Kotanko et al. \[[@CR19]\]. They also stated that lower ERI was associated with better anaemia control.

Our study has some important limitations. Of note is the very low mortality in our population studied, 5.7 % in the whole group and low number of all CV events after 12 months. In the RISCAVID study, the mortality after 36 months was 27.5 % and 208 out of 753 patients experienced a fatal/non-fatal CV event. Moreover, this was not a randomized trial, and potential confounders might have influenced our results. Previously, we reported a retrospective and baseline data, and we stressed the differences at the baseline among 3 groups studied as defined per protocol \[[@CR12]\]. We would like to stress that vast majority of the patients studied had a-v fistula as their vascular access (*n* = 320), only 27 had permanent catheter and 38 had temporary catheter (for 6 patients no data are available). There were no grafts as vascular access in the population studied. It may also contribute to the low mortality, as well as the fact that patients enroled in clinical trials are more compliant and healthier than the prevalent patients in every HD unit.

In conclusion, ESA therapy increased haemoglobin concentration and no major differences in haematological parameters among the groups were observed during the entire study irrespective of early versus late start. Duration of ESA treatment before HD does not affect mortality, cardiovascular events or other adverse events among the groups during the observation period. Adequate anaemia treatment is the most sound approach yielding the best desirable outcomes.
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